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(57)Abstract: 

PURPOSE: To prevent the roughness of a display screen of the liquid 
crystal display device of a perpendicularly oriented ECB mode due to 
appearance of disclination and to improve a visual angle characteristic by 
controlling the orientation direction of liquid crystal molecules. 
CONSTITUTION: This liquid crystal display device is provided with 
orientation control electrodes 6 integrated with gate lines 1 8 along the 
influence of gate potentials is exerted equally on the four sides of pixel and 
orientation control windows 7 as the parts where electrodes do not exist 
are formed on counter display electrodes to control the electric field of a 
liquid crystal layer and to specify the inclination directions of the liquid 
crystal molecules. 
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Japan Patent Office is not responsible for 
any 

damages caused by the use of this 
translation. 

l.This document has been translated by 

computer. So the translation may not 

reflect the original precisely. 

2 **** shows the word which can not be 

translated. 

3.1n the drawings, any words are not 
translated. 



CLAIMS 



[Claim(s)] 

[Claim l] A display electrode arranged in 
the shape of a matrix on a transparent 
insulating substrate A gate line 
established in spacing of this display 
electrode A drain line prepared between 
trains of said display electrode A thin film 
transistor substrate which has a thin film 
transistor of a positive stagger mold 
which is formed in an intersection of said 
gate line and said drain line, and supplies 
a signal to said display electrode An 
opposite display electrode It is the liquid 
crystal display equipped with the above, 
and is characterized by preparing an 
orientation control electrode connected 
with said gate line along with two sides 
which counter a line writing direction of 
said display electrode. 
[Claim 2] A liquid crystal display 
according to claim 1 characterized by 
preparing an orientation control aperture 



which is the portion by which a 
predetermined portion was removed in a 
field corresponding to said display 
electrode in said opposite display 
electrode. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this 
invention relates to the liquid crystal 
display which attained a good 
viewing-angle property and high display 
grace by controlling the orientation of a 
liquid crystal molecule about the liquid 
crystal display of an ECB (Electrically 
Controlled Birefringence* 
armature -voltage control ******) method. 
[0002] 

[Description of the Prior Art! A liquid 
crystal display has advantages, such as 
small, a thin shape, and a low power, and 
utilization is progressing in fields, such 
as OA equipment and an AV equipment. 
Since especially the active-matrix mold 
using the thin film transistor (it 
abbreviates to TFT hereafter) of a 
positive stagger mold as a switching 
element is easy structure, it fits the 
movie display of a big screen, and it is 
used for the display. 
[0003] The TFT substrate (2) and 
opposite substrate (4) which have a 
predetermined conductor pattern are 
stuck on both sides of a liquid crystal 
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layer (3) with the thickness of several 
micrometers, and a liquid crystal display 
is constituted by putting this further by 
two polarizing plates (l) with which 
polarization shaft orientations go direct 
mutually, and (5), as shown in drawing 5 . 
Especially the thing that set up the 
initial orientation of a liquid crystal 
molecule perpendicularly to the substrate 
by performing perpendicular orientation 
processing on both substrates (2) and (4) 
surface, and using the liquid crystal 
which has a negative dielectric constant 
anisotropy as a liquid crystal layer (3) is 
called a DAP (Deformation of Vertically 
Aligned Phases) mold. 
[0004] For example, the white light by 
which incidence was carried out from the 
TFT substrate (2) side changes with the 
1st polarizing plates (l) to the linearly 
polarized light. At the time of no voltage 
impressing, since this incidence linearly 
polarized light does not receive a 
birefringence in a liquid crystal layer (3), 
it will be intercepted with the 2nd 
polarizing plate (5), and a display will be 
black (normally black mode). And by 
impressing predetermined voltage to a 
liquid crystal layer (3), and making a 
liquid crystal molecule incline, the 
incidence linearly polarized light receives 
a birefringence, and turns into elliptically 
polarized light, and light comes to 
penetrate a polarizing plate (5). 
[0005] Since it is dependent on applied 
voltage, the gradation display of 



transmitted light reinforcement is 
attained by adjusting applied voltage. 
Therefore, desired color display is 
obtained by preparing a color filter in the 
position in a liquid crystal panel and 
besides a liquid crystal panel further. 
Then, the conventional structure is 
explained, referring to drawing 6 . Here, 
illustration of a polarizing plate (l) and 
(5) was omitted, first - the drain line (12) 
is all formed for the display electrode (ll) 
of ITO etc. between the trains of a display 
electrode (ll) in the shape of a matrix on 
the glass substrate (10). Apart of display 
electrode (ll) and drain line (12) extend, 
it approaches mutually, and serves as a 
source electrode (13) of TFT, and a drain 
electrode (14), respectively. On a source 
electrode (13) and a drain electrode (14), 
a N+a-Si layer (15s) (15d) is prepared as 
each contact layer, and covering 
formation of the a-Si layer (16) is carried 
out as an active layer on both the N+a-Si 
layer (15s) (I5d). Furthermore, the 
laminating of the gate insulator layers 
(17), such as SiNx, is carried out to the 
whole surface. Gate lines (18), such as 
aluminum, are formed on the gate 
insulator layer (17) corresponding to the 
spacing of said display electrode (ll), and 
a part of gate line (18) serves as a gate 
electrode (19) of TFT in the portion 
corresponding to an a-Si layer (16) in the 
intersection of a gate line (18) and said 
drain line (12). Furthermore, the 1st 
perpendicular orientation film (20) is 
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formed in the whole surface, and a TFT 
substrate (2) is constituted. 
[0006] On the other hand on an opposite 
glass substrate (21), the opposite display 
electrode (22) of ITO which drives liquid 
crystal with said display electrode (ll), 
and the 2nd perpendicular orientation 
film (23) are formed, and it becomes an 
opposite substrate (4). Moreover, the 
liquid crystal molecule major axis in a 
liquid crystal layer (3) becomes the 
structure of having the pre tilt angle of 
less than 10 degrees, to a direction 
perpendicular to a substrate by 
performing rubbing processing to this, 
using a polyimide film a6 said orientation 
film (20) and (23). With this structure, a 
liquid crystal molecule inclines by 
impressing predetermined voltage in the 
direction which met in the direction of 
rubbing according to orientation film (20) 
and (23) surface. 
[0007] 

[Problem(s) to be Solved by the 
Invention] Then, it explains, referring to 
drawing 7 about the trouble of the 
conventional liquid crystal display. 
Although omitted in the upper 
explanation, in order to prevent the 
optical leakage between pixels, and the 
optical incidence to an aSi layer, 
pro tection-firom light films, such as Cr, 
are prepared in the TFT substrate (2) or 
the opposite substrate (4). A part is 
intercepted with a protectionfrom-light 
film, the light by which incidence was 



carried out from the TFT substrate (2) 
side becomes black as a 
protection from-light field (103), 
permeability is controlled by opening 
(102) for the remainder, and a desired 
display is performed. However, also in a 
opening (102), there is a problem which 
the black field called disclination (101a) 
(101b) produces. Disclination is a field 
where the direction of orientation of a 
liquid crystal molecule has turbulence 
and the permeability from which other 
fields differ on the boundary line, when 
two or more fields where the orientation 
vectors of liquid crystal differ mutually 
exist in a cel. Frequent occurrence of the 
disclination (101a) (101b) of a 
configuration which is different for every 
pixel like drawing 7 causes the problem 
that a rough deposit does not arise on a 
screen or the color display of expectation 
is not obtained. 

[0008] As a cause by which an orientation 
vector becomes an ununiformity, for the 
level difference by the wiring on a glass 
substrate (10), or TFT, orientation 
processing becomes imperfect in this 
portion, and it is possible that the 
abnormalities of the inclination direction 
exist over a certain field by the 
continuation somatic of liquid crystal. 
Moreover, it may originate in the electric 
field within a cel. When a drain line (12) 
and a display electrode (11) are like-pole 
nature, the line of electric force in the 
inside of a eel comes to be shown in 
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drawing 8 . When a dielectric constant 
anisotropy is negative, a molecule major 
axis inclines perpendicularly to line of 
electric force as applied voltage goes up a 
liquid crystal molecule. Therefore, if 
predetermined voltage is impressed, the 
liquid crystal molecule inclines in the 
direction of a center of a pixel on the 
display electrode (ll). Similarly, when a 
drain line (12) and a display electrode 
(ll) are heteropolarity, line of electric 
force becomes like drawing 9 . The 
inclination direction of the liquid crystal 
molecule resulting from the electric field 
between a drain line (12) and a display 
electrode (ll) becomes reverse in the field 
of the right-and-left both sides of a 
display electrode (ll). Therefore, into a 
viewing area, the boundary line of the 
field where orientation vectors differ 
appears, and it becomes declination 
(101a). 

[0009] Similarly, the line of electric force 
shown also between a gate line (18) and a 
display electrode (ll) at drawing 10 and 
drawing 11 has arisen. In the edge of a 
display electrode (ll), a liquid crystal 
molecule inclines toward the center of a 
display electrode (ll) especially in this 
case in response to the effect of the big 
negative potential of a gate line (18). 
Drawing 11 is the case of heteropolarity 
when a gate line (18) and the display 
electrode (ll) of drawing 10 are like-pole 
nature. 

[0010] Moreover, in order that the effect 



by each electric field of the drain line (12) 
shown in drawing 11 and a gate line (18) 
may lap and reach into a liquid crystal 
layer (3) from drawing 8 near the 
intersection of a drain line (12) and a gate 
line (18) especially, by the corner of a 
opening (102), the orientation of a liquid 
crystal molecule serves as turbulence, 
this serves as a black field, and 
disclination (101b) appears. 
[00 ll] Moreover, with the structure of 
having a pre tilt angle, the inclination 
direction of a liquid crystal molecule 
inclines rubbing processing in the same 
direction according to a carrier beam 
polyimide orientation film (20) and (23). 
Therefore, although generating of the 
disclination (10 la) in a pixel center 
section is controlled, the disclination 
(101b) produced at a opening (102) edge 
cannot be prevented. Furthermore, with 
static electricity generated in the case of 
rubbing, the property of TFT may change 
and an electrostatic discharge may 
happen. Moreover, since the inclination 
direction of a liquid crystal molecule is 
uniformly equal, there is also a problem 
that the viewing angle dependency of a 
contrast ratio is large. 
[0012] 

[Means for Solving the Problem] A 
display electrode which accomplished this 
invention in view of the above-mentioned 
technical problem, and has been 
arranged in the shape of a matrix on a 
transparent insulating substrate, A gate 
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line established in spacing of a display 
electrode, and a drain line prepared 
between trains of a display electrode, A 
thin film transistor substrate which has 
at least a thin film transistor of a positive 
stagger mold which is formed in an 
intersection of a gate line and a drain line, 
and supplies a signal to a display 
electrode, It is the liquid crystal display 
with which an opposite substrate which 
has an opposite display electrode at least 
sticks, is set on both sides of a liquid 
crystal layer, and changes. Structure 
where an orientation control electrode 
linked to said gate line was prepared 
along with two sides which counter a line 
writing direction of said display electrode, 
Or in said structure, the 
above-mentioned technical problem is 
solved in a field corresponding to a 
display electrode to an opposite display 
electrode according to structure where an 
orientation control aperture which is the 
portion by which a predetermined portion 
was removed was prepared. 
[0013] 

[Function] By preparing the orientation 
control electrode (6) of a gate line (18) and 
one along with two sides which counter 
the line writing direction of a display 
electrode (11), the effect of the display 
electrode (11) on the drain line (12) shown 
in drawing 8 and drawing 9 is negated, 
and the effect by the gate line (18) shown 
in drawing 10 and drawing 11 becomes 
large. Since the electric field by the big 



negative potential of a gate line (18) do 
effect equally about four sides of a display 
electrode (ll) by this, the orientation of 
the liquid crystal molecule near the 
wiring section is equally controllable 
about four sides. For this reason, the 
disclination (101b) generated at the edge 
of a opening (102) shown in drawing 7 
can be prevented. 

[0014] Moreover, since the orientation 
control aperture (7) prepared in the 
opposite display electrode (22*) is the 
portion from which ITO was removed, 
line of electric force does not exist in the 
liquid crystal layer (3) corresponding to 
an orientation control aperture (7). 
Therefore, the liquid crystal molecule of 
this field does not incline, but maintains 
the perpendicular orientation condition 
at the time of no voltage impressing. For 
this reason, the disclination generated 
irregularly conventionally is fixed by the 
continuation somatic of liquid crystal 
according to the location of an orientation 
control aperture (7) about all pixels. If an 
orientation control aperture (7) is taken 
to the pattern of X typeface as especially 
shown in drawing 4 , disclination is in 
agreement with an orientation control 
aperture (7). If an operation of an 
orientation control electrode (6) and a 
gate line (18) also joins this, the 
inclination direction of the liquid crystal 
molecule in 1 pixel will become 
equivalent in four directions. Therefore, 
the viewing- angle dependency of 
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permeability decreases and a good 
viewing-angle property is acquired. 
[0015] 

[Example] Below, one example of this 
invention is explained. The cross section 
where drawing 1 meets a plan and 
drawing 2 meets the A- A* line of drawing 
1 , and drawing 3 are cross sections which 
meet the B-B* line of drawing 1 . About 
what [ common ], the same sign as 
drawing 6 of the conventional example is 
used. 

[0016] On a glass substrate (10), by 
carrying out the laminating of the ITO to 
about 1000A thickness by sputtering etc., 
and performing predetermined 
patterning, a display electrode (ll) is 
formed in the shape of a matrix, and a 
drain line (12) is formed between the 
trains of a display electrode (ll). In 
addition, in the intersection section with 
the gate line (18) formed behind, a part of 
display electrode (ll) and drain line (12) 
extend, and it approaches mutually, and 
considers as the source electrode (13) and 
drain electrode (14) of TFT, respectively. 
[0017] Next, a N+a Si layer (15s) (15d) is 
formed by forming membranes in 
thickness of 300A by CVD etc., and 
leaving a-Si Gt abbreviating to N+a*Si 
hereafter) by which phosphorus was 
doped on a source electrode (13) and a 
drain electrode (14) by patterning. Then, 
a wrap aSi layer (16) is formed in both 
the N+a-Si layer (15s) (I5d) by forming 
a Si of a non dope in thickness of about 



500-1000A by CVD etc., and leaving the 
TFT section by patterning. Furthermore, 
SiNx etc. is formed in the whole surface 
of CVD as a gate insulator layer (17) at 
2000A - 4000A thickness. 
[0018] Electrical conducting materials, 
such as aluminum, Cr, and Ta, on a gate 
insulator layer (17) next, by sputtering 
etc. By forming and carrying out 
patterning to about 1000 5000A 
thickness the gate electrode (19) which 
are a part of gate line (18) and gate line 
(18) at the spacing of said display 
electrode (ll) " and The orientation 
control electrode (6) which extends along 
the side which counters the line writing 
direction of said display electrode (ll) 
from a gate line (18) as shown in drawing 
1 and drawing 3 is formed. And the 1st 
perpendicular orientation film (20) for 
specifying the initial orientation of a 
liquid crystal molecule perpendicularly to 
a substrate is formed, and a TFT 
substrate (2) is completed. 
[0019] On the other hand, on an opposite 
glass substrate (21), the opposite display 
electrode (220 of ITO is formed in the 
whole surface of sputtering. And the 
orientation control aperture (7) clipped by 
X typeface is prepared into an opposite 
display electrode (22') by carrying out 
etching removal of the portion 
corresponding to the diagonal line of the 
display electrode (ll) on a TFT substrate 
(2) of an opposite display electrode (220. 
Furthermore, the 2nd perpendicular 
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orientation film (23) is formed in the 
whole surface, and it becomes an opposite 
substrate (4). 

[0020] The liquid crystal layer (3) of the 
pneumatic liquid crystal to which two 
substrates (2) of structure explained 
above and (4) are stuck with a 
5-8-micrometer gap as shown in drawing 
5 , and they have a negative dielectric 
constant anisotropy in this gap is 
prepared. Furthermore, the liquid crystal 
display which is the example of this 
invention is constituted by putting by two 
polarizing plates (l) with the polarization 
shaft of the direction which intersects 
these perpendicularly mutually, and (5). 
[0021] If the liquid crystal display of this 
structure is driven, the line of electric 
force by the big negative potential of a 
gate line (18) and an orientation control 
electrode (6) will become fixed in the 
configuration shown in drawing 10 or 
drawing 11 about four sides of a rear 
spring supporter and a pixel during the 
whole term. If the line of electric force 
crossed to the molecule major axis in a 
liquid crystal molecule with a negative 
dielectric constant anisotropy at an acute 
angle arises, a liquid crystal molecule 
inclines in the direction which 
approaches a right angle by the shortest. 
Therefore, a liquid crystal molecule 
inclines equally about four sides 
according to this by producing the line of 
electric force of the same configuration in 
four sides of a display electrode (ll) with 



the structure of this invention, 
furthermore, in the field corresponding to 
the orientation control aperture (7) boiled 
among an opposite display electrode (220, 
since line of electric force does not exist, a 
liquid crystal molecule maintains the 
perpendicular orientation condition at 
the time of no voltage impressing, thus, 
the thing for which the orientation of the 
periphery section of a display electrode 
(ll) and the liquid crystal molecule of the 
portion of an orientation control aperture 
(7) is controlled — the continuum of liquid 
crystal - for a sex, about all the fields of 
all pixels, a liquid crystal molecule 
inclines equally in the four directions, as 
it is shown by the field of an orientation 
control aperture (7) and it is 
perpendicularly shown to drawing 4 by 
the viewing area. Therefore, in each field 
where disclination was divided into four 
by the orientation control aperture (7) in 
accordance with the orientation control 
aperture (7) of X typeface about all pixels, 
since a liquid crystal molecule inclines in 
this direction uniformly, the conditions 
seen from four directions become equal. 
[0022] 

[Effect of the Invention] By fixing the 
boundary line of the field where the 
inclination direction of a liquid crystal 
molecule is made equivalent to each side 
of a pixel, and the inclination direction 
changes with orientation control 
electrodes (6) on an orientation control 
aperture (7) so that clearly from the 
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above explanation The appearance of 
different uneven disclination for every 
pixel was prevented, and especially when 
an orientation control aperture (7) was 
taken to X typeface, in fields other than 
an orientation control aperture (7), 
disclination disappeared completely. 
Moreover, since the area of the field 
where the inclination directions of the 
liquid crystal molecule per pixel differ 
became equivalent in four directions, the 
viewing-angle dependency of a contrast 
ratio decreased and the viewing-angle 
property improved. 

[0023] In addition, since an orientation 
control electrode (6) can be formed in a 
gate line (18) and coincidence with the 
same material, there is no increment in a 
manufacturing process. Moreover, since 
rubbing processing of an orientation film 
(20) and (23) becomes unnecessary, it also 
has effects, such as reduction of 
manufacturing processes, and prevention 
of an electrostatic discharge. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[Drawing l] It is the plan of the liquid 
crystal display which is the example of 
this invention. 

[Drawing 2] It is the cross section which 
meets the A-A* line of drawing 1 . 
[Drawing 3] It is the cross section which 
meets the BB' line of drawing 1 . 



[Drawing 4] It is drawing explaining the 
operation effect of this invention. 
[Drawing 51 It is principle drawing of the 
liquid crystal display of a DAP mold. 
[Drawing 6] It is the cross section of the 
conventional liquid crystal display. 
[Drawing 71 It is drawing explaining the 
trouble of the conventional liquid crystal 
display. 

[Drawing 8l It is drawing explaining the 
trouble of the conventional liquid crystal 
display. 

[Drawing 9l It is drawing explaining the 
trouble of the conventional liquid crystal 
display. 

[Drawing 101 It is drawing explaining the 
trouble of the conventional liquid crystal 
display. 

[Drawing 11] It is drawing explaining the 
trouble of the conventional liquid crystal 
display. 

[Description of Notations] 

1 1st Polarizing Plate 

2 TFT Substrate 

3 Liquid Crystal Layer 

4 Opposite Substrate 

5 2nd Polarizing Plate 

6 Orientation Control Electrode 

7 Orientation Control Aperture 

10 Glass Substrate 

11 Display Electrode 

12 Drain Line 

13 Source Electrode 

14 Drain Electrode 

15 N+a-Si Layer 

16 A-Si Layer 



17 Gate Insulator Layer 

18 Gate Line 

19 Gate Electrode 

20 1st Perpendicular Orientation Film 

21 Opposite Glass Substrate 

22 22' Opposite display electrode 

23 2nd Perpendicular Orientation Film 



